Abstract. Inadequate supply of energy has become one of the major problems in societies due to consumers' increasing demand. Economic growth is a key reason for the increase in the energy consumption. Although di erent policies can be employed for resolving this problem, optimizing the e ciency of energy suppliers can be addressed as a key policy in this regard. This paper presents an adjusted Network Data Envelopment Analysis (NDEA) model for evaluating performance of energy supply chain in Iran from production to distribution stages. Some suggestions have been proposed to optimize the performance of the energy supply chain. The NDEA model is adjusted by using Assurance Region (AR) to achieve more realistic and scienti c results. Borders of the assurance region obtained from Data Envelopment Analytic Hierarchy Process (DEAHP) method are entered into the NDEA model. The results obtained from this model are compared with those of conventional NDEA and technical e ciency in pairs. Finally, the Spearman and Kendall'sTau correlation tests are used for validating the results.
Introduction
There are several ways to meet the growing demands of energy and to achieve sustainable economic growth, such as rising energy generation, utilizing advanced technologies, and so forth. However, considering high energy intensity in Iran [1, 2] , improving the energy e ciency can be considered as a cost-e ective way to tackle this issue. The rst and necessary step for optimizing the e ciency is to measure the cur-rent e ciency level of units to identify the ine cient units. Identifying the most e cient units enables the decision makers to ascertain how ine cient units, with similar structures and goals, cannot yield the same outputs. Energy e ciency can be considered in di erent stages; the highest increase in performance will be achievable throughout the supply chain of energy. Having e cient systems and optimal use of resources can prevent losses and wastes. Therefore, a slight increase in performance will result in signi cant savings. Many studies have been conducted in this area to achieve such important goals. In order to estimate the index, Zhou et al. [3] measured economy-wide energy e ciency performance of a sample of OECD by the Shephard energy distance function to de ne an energy e ciency index and to adopt stochastic frontier analysis technique. Hu et al. [4] applied the fourstage DEA procedure to calculate energy e ciency of 23 regions in Taiwan from 1998 to 2007. Wang et al. [5] adopted the framework of total factor energy e ciency index to determine the discrepancy of energy e ciency in Chinese industrial sector based on the provincial statistical data of industrial enterprises in 30 provinces from 2005 to 2009. To evaluate the performance of 29 Electricity Distribution Divisions of Uttarakhand province, Yadav et al. [6] used DEA input-oriented model. They calculated technical and scale e ciency of their decision units. In addition, they showed that the highest ine ciency of the units is related to their scale ine ciency rather than the technical one. See and Coelli [7] calculated the technical e ciency of thermal power plants of Malaysia using stochastic frontier analysis method from 1998 to 2005. They demonstrated that ownership, plant size, and fuel type have a signi cant e ect on technical e ciency. Alizadeh et al. [8] analyzed Iran's contribution in energy e ciency and the environmentally friendly projects supported by United Nations. Jarait_ e and Di Maria [9] used DEA model to measure environmental e ciency and productivity for enhancing the performance of the overall EU electricity production in Europe during 1996 to 2007. They also analyzed changes in productivity and e ciency using econometric techniques. Solmes in [10] , explained the electrical industry and consumer of energy supply chain by decomposing them into their components. Solmes showed how integration of these systems results in energy saving. In other parts of this book, the reason for ine ciency of supply chain system and the increasing costs have been described. Omrani et al. [11] presented an integrated Data Envelopment Analysis (DEA), Corrected Ordinary Least Squares (COLS), Stochastic Frontier Analysis (SFA), Principal Component Analysis (PCA), and Numerical Taxonomy (NT) algorithm for performance assessment, optimization and policy making of 38 electricity distribution units in Iran. Fallahi et al. [12] made changes in terms of technical e ciency and productivity in 32 power management companies in Iran during 2005 to 2009 using a DEA model, and subsequently, veri ed the stability of their DEA model by a stability test. Vazhayil and Balasubramanian [13] discussed some strategies grouped into three portfolios; namely, power generation mix, demand side e ciency group, and supply side e ciency group. Moreover, an optimization model was used for cost, risk, and barrier reduction. this portfolio, subsequently, was combined with higher-level portfolios including economic growth, energy equity, energy security, and climate sustainability. Finally, optimization is done using DEA method, and the results were compared. Pardo Mart nez [14] measured energy e ciency development in non-energy-intensive sectors in Germany and Colombia according to a production-based theoretical framework using DEA from 1998 to 2005. He compared performance e ciency of the energy sector in Germany and Colombia at two aggregation levels, and then o ered alternatives for improving the existing situation. Liang et al. [15] reviewed general equilibrium impact on improving energy end-use e ciency on China's economy, energy use, and CO 2 emissions in 2002. To do so, they developed a static, multi-sector computable general equilibrium model. Bas [16] proposed a hybrid approach by AHP method, combined with SWOT-fuzzy TOPSIS, to formulate strategies with higher priorities for electricity supply chain in Turkey. Huang et al. [17] calculated cost e ciency and optimal scale of Taiwan's electricity distribution industry in short and long terms. The 24 units of distribution were studied using stochastic meta-frontier method during 1997 to 2002, and deregulation of the electricity distribution industry was analyzed.
Results of performance measurements and benchmarking methods help systems to detect ine ciency in their subunits and to improve the e ciency of entire units as well as entire supply chain. One of the most widely used methods for performance measurement is Data Envelopment Analysis (DEA), which is an approach based on linear programming developed by Charnes et al. [18] . Classical method of DEA in the performance evaluation of network and multi-step systems does not function properly as all these systems are considered as a whole; i.e. each Decision Making Unit (DMU) is considered as a black box in which interactions of subunits within the system are ignored. Brie y, calculations are limited to initial inputs and nal outputs. To overcome this problem, NDEA was provided as a network DEA by F are and Grosskopf [19] for the rst time. Unlike traditional models, these models do not have a formula and are de ned based on the type and structure of their networks. This method can, in addition, show the interaction between the internal processes and compute the overall e ciency and e ciency of the subsystems. In recent years, extensive studies have been conducted to overcome the drawbacks of the classic DEA, and di erent solutions have been proposed. Castelli et al. [20] evaluated the e ectiveness of speci c and interdependent subunits for making larger decision-making units. Lewis and Sexton [21] o ered a model in which units included a network of linked subunits, where some of the subunits produced resources for other subunits, and other produced resources were consumed by other subunits. They formulated NDEA model for the structure of their outputs and inputs. Prieto and Zof o [22] evaluated technical e ciency by comparing appropriate technologies of di erent economies, meanwhile by considering an analytical framework, they let the input-output models to be regarded as a network. This network of inputs and outputs was optimized using production e ciency measures. They, additionally, implemented an input-output model for OECD countries with a network data envelopment analysis. Bai-Chen et al. [23] obtained China's energy system e ciency in both economic and environmental aspects using NDEA, and showed that form of production has a signi cant impact on environmental performance. Chen and Yan [24] presented three NDEA models for evaluating supply chain performance, which consider the internal structure of supply chain and their interactions simultaneously. They calculated losses of internal sources in the supply chain. Kao [25] o ered a relational NDEA that considered the interactions within the system. With the idea of de ning a dummy process, the primary network could become a series network in which each of the series is considered as a parallel structure. Kao and Hwang [26] assessed the e ect of IT on organizational performance in banking industry using an NDEA model. Tone and Tsutsui [27] proposed a slacks-based network DEA model, called network SBM, which could deal with intermediate products. This model can evaluate divisional and the overall e ciency of decision-making units. Hsieh and Lin [28] used a model of NDEA to evaluate e ciency and e ectiveness of international hotels in Taiwan considering internal interactions. Moreover, they suggested some ways for increasing the e ciency of their performance. Matthews [29] examined risk management of China's banks and divided units to environmental and organizational risk management. These units were, subsequently, entered as intermediate products into the NDEA model to calculate the amount of income e ciency. Zhao et al. [30] presented a model for evaluating a downtown space reservation based on NDEA. Input of this model is obtained using tra c microscopic simulation data. Finally, results were compared and evaluated using those of radial and slacks-based network DEA models to validate the model.
As there are many di erences between entities related to energy supply chain, a comprehensive evaluation that considers all these entities simultaneously in national scale is very challenging; there has not been notable study in this instance. This tool is mainly required for authorities of energy industry to evaluate and analyze the whole energy supply chain at the same time. A desired model for this purpose should yield summarized and integrated results, which facilitates decision making for managers and authorities as well as performing e ective optimization. Therefore, in this paper, we aim to develop a model for evaluating energy supply chain including production, transmission, and distribution stages simultaneously by considering all the interactions and relations throughout the supply chain stages. The model, additionally, has the ability to show which changes should be taken for ine cient units to make them e cient. However, the real optimization will be achievable mainly by the discretion of upper level managers with the aid of these directions. The model proposed for this purpose is a compatible Network Data Envelopment Analysis, and the case study for practical implementation is Iran's energy supply chain during 2007 to 2011 in dealing with seventeen basic indices. The considered indices for production stage are the cost of fuel and labor as inputs, and the generated energy as output. For transmission stage, the inputs are the station capacity, the length of transmission lines, the imported energy from neighboring power companies, the labor and the delivered energy to this section; and the outputs are energy losses, exported energy, and the energy delivered to distribution companies. Finally, in distribution stage, the input is the delivered energy from this stage, and the outputs are the sold energy and the number of customers.
In DEA model, the obtained optimal weights totally depend on the amount and pattern of data and this characteristic sometimes leads to assigning unreasonable weights to some indices. Consequently, the obtained e ciency values sometimes have a gap with reality. DEA does not consider how much an input or output is important for decision makers; it merely assigns weights in a way that enhances the output-input rate. This fact implies the objectiveness of DEA. The results obtained by objective method are based on the values of data and their distribution. To prevent obtaining objective results and utilizing experts' viewpoint, assurance region can be applied in the DEA model. It leads to achieve more realistic results. In addition, it prevents DEA model from assigning irrational weights to indices, which are important for experts. Therefore, the results will be both subjective and objective. In addition, assurance region brings about more discriminative results.
In order to enter assurance region into DEA model, it is necessary to calculate the bounds for weights. For this propose, there are several methods for obtaining priorities in AHP. Wang et al.
[31] used a DEA model with the assurance region known as DEA/AR to overcome limits of DEAHP method such as illogical local weights, high insensitivity to some comparisons, and the loss of data. They, rst, introduced the method of DEAHP, next provided a numerical example to discuss weaknesses of this method in terms of calculating weights of DEA models. In another article, to solve the problems of the previous article, Wang and Chin [32] proposed a new method of DEA to set priorities in the AHP, and developed it for grouped AHP. This model obtained the best weights of indices from paired comparisons matrix. In this method, compatibility or incompatibility is not important, and both cases result in optimal weights. In this paper, the two ways developed by Wang and Chin have been explained and the last one is applied to the model for obtaining the weights. Obtained weights have been entered into the NDEA model as upper bounds of assurance region. In the next step, the e ciency values were computed rst by using conventional NDEA, and then by bounded NDEA. Subsequently, to compare the results of these two methods, results of technical e ciency were used. Technical e ciency is de ned as the ratio of weighted outputs to weighted inputs in which weights were obtained by the method of Wang and Chin [32] . The results were analyzed and their correlation was compared in pairs by Spearman and Kendal's-Tao correlation tests in order to verify and validate the results. Finally, some points are suggested in the case of optimization by analyzing amounts of slack and surplus values.
Methodology 2.1. Technical e ciency as output to input ratio E ciency index in units that include one input (x)
and one output (y) is de ned as y x ; if multiple inputs and outputs exist in a unit or organization, coe cients should be allocated to inputs and outputs. Inputs have di erent e ects on making outputs. Therefore, they should be selected according to their coe cients. 
where`x' and`y' are inputs and outputs,`v' and`u' are weights of inputs and outputs, respectively,`m' is the number of inputs,`n' is the number of outputs and`j' represents jth DMU. In this study, weights of inputs and outputs are obtained using Wang and Chin's method [28] . Thus, the weights of inputs, outputs, and obtained e ciency scores are consistent and reliable. E ciency scores obtained by Eq. (1) is a basis for comparing the results of other methods.
Network data envelopment analysis
Network DEA has two overall structures: series and parallel. In a decision-making unit, when di erent parts of activities are placed along with each other, the system is series. In this case, total inputs of system enter from the rst part, and the nal outputs exit from the end. However, in parallel networks, all processes within the system have a parallel structure. Using these two structures, Kao [25] developed models for evaluating network decision-making, which were de ned based on multiplying e ciency of subunits. The supply chain of this paper is a combination of both types of structures.
DEA/AR model
In order to avoid obtaining zero values for de ned indexes' weights (weights of outputs and inputs for case), there should be some boundaries for optimal weights (v i ; u j ) in DEA model. This will result in an e ciency score for each DMU in which all indexes have e ects on the obtained score, and none of them gets zero weight in calculation of the e ciency score. This is the reason that leads to the emergence of assurance region, which relatively limits the amount of assigned weights. 
be a pair-wise comparison matrix (obtained according to experts' opinions) in which a ij is the importance of ith index versus jth index with a ii = 1, and a ji = 1=a ij and W = (w 1 ; ; w n ) T is the priority vector. Hereafter, algorithm for calculating weights is di erent from standard AHP method. In DEAHP, each row of the matrix A is presented as a DMU and each column is presented as an output, which assumes a dummy value of one as input for all DMUs. Each DMU has, therefore, an output and one dummy constant input based on which the following inputoriented CCR model is constructed to estimate local priorities (weights) of the pair-wise comparison matrix A: 
In the above model, w 1 shows e ciency score for DMU1 ( rst row of matrix) which is the nal weight that can be used instead of AHP priority weight for rst index. For each row, Model (3) [28] showed that Model (3) can sometimes be in con ict with inconsistent pair-wise comparison matrix. To overcome the shortcomings of DEAHP, they developed a method of DEA to determine priorities in AHP, which produced true weights for the perfectly consistent pair-wise comparison matrix. It, additionally, could produce the best local priorities for inconsistent pair-wise comparison matrix that were logical and consistent with the subjective judgments of decision-makers. The proposed model is as follows: 
Solving the above linear programming model for each w i will yield the best weight for each index or choice. In this paper, to obtain upper bounds of weights for NDEA, Model (4) is used. Therefore, entering experts' viewpoint led to preventing unrealistic DMU e ciency.
Case study
Generally, energy supply chain includes generation and distribution. Manufacturing power plants generate electricity and distribution companies distribute the generated electricity among consumers. In this chain, plants (regardless of the generating way) are considered as energy suppliers for the distribution section. In a similar way, distribution companies are electricity suppliers for consumers. Electricity generation and delivering have great complexity in the supply chain due to the climatic conditions and geographical specications of the area. Regional power companies in Iran, which are responsible for electricity production and delivery to distribution companies, have similar goals, missions, tasks, and activities. The di erence is often in the volume of activities, the extent of geography, and the overall structure of companies which will follow the same structural pattern.
3.1. First part of supply chain structure:
Regional electricity generation companies
The prinicipal part of power industry is power generation section. Management of regional electricity companies is responsible for constructing new power plants as well as maintaining and monitoring old ones.
3.2. Second part of supply chain structure: Regional power transmission companies
The location of electricity power plants is determined considering various technological, economic, and social factors such as fuel, water, and the distance to the residential areas (to prevent environmental pollution). Consequently, a standard distance is considered usual in terms of locating power plants, and it should be supported by transmission lines, which act as suppliers of power for consumption centers. In addition, transmission establishment is necessary for increasing or decreasing voltage and making adjustment with the centers of generation and consumption. In brief, the electricity generated by power plants is delivered to the distribution network by transmission facilities including posts and transmission lines.
3.3. Third part of supply chain structure: Power distribution companies Distribution of power is the link between the power industry and customers, and has multiple roles; rst, supplies consumers and sells electricity as an economic goods; second, has a vital technical role in maintaining, operating, and developing the distribution networks; third, maintains communication and coordination with the upstream sectors of energy supply chain. Considering the above description, Iran's electric power supply chain network was designed, in this paper, as follows. System 1 shows the regional power company and System 2 shows the electricity distribution network. The way that this network has been developed is based on the level of independency in the case of management. Obviously, the three major sections are independent in many elds as well as in management. However, for example, in distribution section, despite similarities between distribution subsystems, they were assigned to private organizations with di erent policies and management methods. Therefore, it is necessary to compare them with each other in order to nd the weaknesses and strengths of each one. There are 16 active regional power companies in Iran that all have been evaluated in this paper. Inputs and outputs of this network were considered according to Iran's Ministry of Energy e ciency, and are presented as follows: z 1j0
Cost of fuel; z 2j0 Labor of generation section; z 1j1 Generated energy; Imported energy from neighboring power companies; x 4j1 Labor of transmission section; x 5j1
Labor of distribution section; y 1j1 Energy losses of transmission; y 2j1
Exported energy to nearby companies; z 1j3
Total sold energy; z 2j3
Number of customers.
All indexes of distribution section, i.e. labor, total sold energy, and number of customers, are de ned separately for each of the parallel subsystems of this section. Energy losses of transmission index (y 1j1 ) is an undesirable output, and lower values for this index are more desirable for decision-makers. Since the objective function in this study was to maximize output, the original values for y 1j1 were converted to (y 1j1 ) 1 for maximizing it, which is desired for this index.
In Figure 1 , the second system of supply chain has parallel subsystems. The number of subsystems (distribution companies) is not the same in all DMUs and according to the data, each DMU may have 1, 2, 3, or 4 subsystems as distribution companies. Therefore, the mark \-" is used for some units to indicate the absence of subsystem for distribution section of that DMU. The raw data of this case study belongs to a ve-year period from 2007 to 2011, which have not been brought for saving space. Due to the increasing number of indexes compared to the number of DMUs, thus reducing discriminative power of NDEA, these data were used as time series for ve consecutive years. In fact, each year is considered as one DMU for regional electricity companies. Therefore, the total number of DMUs in this article is 80. Finally, the mean values of e ciency of regional power company in the past ve years are considered as the company's e ciency score for analyzing the results.
Modeling the designed network
According to the descriptions, a comprehensive model, which is a combination of series and parallel structures model, is presented. Iran's energy supply chain net- Attributed weight in model.
To enter assurance region into Model (5), weights derived from Model (4) are used. These weights are given in Table 1 .
By entering these weights as upper bounds, the nal NDEA/AR model is obtained. Therefore, by taking into account the assurance region, NDEA model is de ned as follows: 
5. Optimization
The optimization process presented in this article is based on the values of slack and surplus variables for indexes. As NDEA models are linear programing, they can be used to ascertain the indexes of units that should increase or decrease according to their reference sets. The ine cient units can be e cient similar to the units in their reference set, if they can produce the target values of output using the target level of inputs. 
Results and discussion
Results of the three models using Lingo software are shown in Table 2 . According to NDEA principles, a system is ecient if only all its subsystems are e cient. As a result, in such a wide network, obtaining e ciency with the score of 1 is extremely unlikely. In general, it can be said that this is a frequent event in NDEA application. Thus, the criterion for judging the e ectiveness of DMUs is higher scores of e ciency. The rst column of Table 2 shows the number of DMUs, the second is the names of DMUs, columns 3, 5, and 7 indicate ranks of units based on three proposed models. Columns 4, 6, and 8 are e ciency scores of DMUs. In this study, the basis for ranking is the results of NDEA/AR model. Two other methods were used for comparison and validation. Results of the fth column of Table 2 demonstrate that DMU13 and DMU14 in NDEA/AR method are the most e cient units. These units, too, achieved high e ciency scores in two other methods. In addition, according to these results, DMU9 and DMU16 are the most ine cient units while having lower e ciencies in other methods.
To verify the results of three models, nonparametric Spearman correlation test (r s ) and Kendall's Tau correlation test () were employed in SPSS Software. Table 3 reports r s between rankings of the models, which resulted in the rejection of H0 at 0.01 level. Moreover, Kendall's Tau test con rmed this nding at the same level of signi cance. According to Table 3 , it can be clearly seen that the correlation rate between NDEA/AR and TE is higher than that between NDEA and TE. Furthermore, according to NDEA results (i.e. eighth column in Table 2 ), DMU8, DMU14 and DMU13 ranked rst, second, and third, respectively, however according to NDEA/AR (i.e. seventh column), DMU14 and DMU13 ranked rst and second, respectively, and DMU8 ranked 12th which indicates that DMU8 has performed poorly in the indexes important to the experts. The most important index in terms of expertise was generating energy (z 1j1 ) and DMU8 was found very weak according to this index. These outcomes, besides the higher correlation rate, indicate that using assurance region in NDEA methods led to achieving better and more realistic results. In other words, the NDEA/AR model was e ective according to the experts' viewpoints. To analyze the increasing and decreasing trends of e ciency for regional electricity companies, calculated e ciencies from NDEA/AR in the last ve years are given in Table 4 . Table 4 shows that Kerman Regional Electric Company (DMU12) and Gillan (DMU13) had the top , it had the lowest e ciency score (0.9093013), which is the main reason for its decline in the overall e ciency scores. Nevertheless, its performance has improved since 2007, and it has been the best DMU in the recent years. Table 5 shows e ciency values calculated for subsystems of energy supply chain using Models (7) for 5 years. The second column of the table demonstrates regional electricity companies, the third column is the e ciency of generation section, the fourth column is the e ciency of transmission, and the fth to eighth columns indicate e ciency of distribution subsystems. In this table, mark \-" implies absence of subsystems for that particular DMU; for example, Azerbaijan and Khorasan had four distribution companies, while Zanjan, Semnan, Sistan, Gilan, Yazd, and Hormozgan had only one distribution subsystem.
The third column of Table 5 shows that, in generation sector, Fars (DMU11), Gilan (DMU13), and Mazandaran (DMU14) are the most e cient units, whereas Semnan company is an ine cient DMU in generating energy. According to the fourth column, Mazandaran (DMU14), Azerbaijan (DMU1), and Gilan (DMU13) are the most e cient companies in transmitting energy, while Zanjan (DMU7) stands in the opposite point. Results from the fourth to eighth columns of distribution section show that the third subsystem of distribution section (i.e. Mazandaran According to the results of the overall e ciencies and subsystems e ciencies for this supply chain, Mazandaran, Gilan, and Azerbaijan Companies were superior in terms of performance. For optimization, ine ciency sources have to be identi ed according to these results. Next, their performance should be improved properly by authorities using the slack and surplus values of units which have been shown in Table 6 for 2011. For other years, the process is the same; however, to prevent extensive amounts of data, only the latest year's values have been presented.
These results also were obtained by Lingo Software according to Eq. (8) . As can be seen in Table 6 , even for most e cient units, increasing outputs and/or decreasing inputs according to s+ and s values should be taken into account since these units are not quite e cient. For instance, the results for Mazandaran (DMU14) show that, for optimizing, this unit needs to decrease the x 3j1 (imported energy from neighboring power companies) and x 4j1 (labor of transmission section) to 1771 and 138, respectively. In addition, it is required to increase the z 1 1j3 (total sold energy of the rst distribution company) and z 1 2j3 (number of customers of the rst distribution company) to 5453 and 143, respectively. However, for x 2 5j3 , the calculated value is not signi cant, and this index does not need any essential change. For intermediate indexes like z 1j1 (generated energy), which is, simultaneously, output for generation section and input for transmission section, the calculated slack or surplus values should be considered in one of the sections. For example, the value of this index for Azerbaijan (DMU1) is 9280, which means 9280 units increase in generation section as an output or 9280 units decrease in transmission section as an input.
Conclusion
Many methods have been proposed for evaluating performance of supply chain subsystems. However, in practice, the subsystems of each system are correlated and have interactions with each other throughout the system. Therefore, for performance assessment, the utilized methods must be able to model these interactions all together at the same time. Evaluating performance of the whole supply chain including its subsystems and interactions between them as an integrated system will be possible by using NDEA models. This research provided a comprehensive NDEA/AR model to evaluate energy supply chain including subsystems of generation, transmission and distribution in which experts' viewpoints have ideal e ects on the results. In other words, results have been calculated by combining experts' opinions and NDEA/AR method, and thus, are more scienti c and reliable. In this regard, not only experts' intelligence are properly utilized, but also entering these directions to the model, as assurance region, enhances the discriminative power of NDEA model and prevents ignoring some indexes' roles in calculating e ciency score. Another important capability of the proposed model was that it calculated e ciency of the whole system and subsystems simultaneously. Calculated scores for subsystems' e ciencies will identify inecient units. Subsequently, optimization measurements can be done within these subsystems by analyzing slack and surplus values. Finally, if these actions were done systematically for all of the ine cient units, an e cient supply chain will be achievable. Reaching such results is the goal of all sectors, and this model has the ability to produce a brief and monolithic data for authorities to detect and optimize weaknesses in the supply chain. Furthermore, according to the di erences in available resources, geographical conditions and current policies between countries, weights of index may not be the same for all regions. However, they can be de ned based on decision-makers' preferences. Owing to exibility of NDEA, the presented model is highly adaptable and can be implemented for every supply chain. Considering these issues, it seems fair to suggest that the presented model can be used as a framework for evaluating supply chain in each system regardless of its size and location; however, it is more e ective in policy and decision making in bigger scales. 
